Sialodacryoadenitis virus (SDAV) and Parker's rat corona virus (PCV) have been reported to be coronaviruses which naturally infect rats [2, 3, 11] .
For the serological monitoring of infections with coronaviruses in rats, some strains of mouse hepatitis virus (MHV) have been used because of their antigenic cross-reactivities among murine coronaviruses [1, 6, 8, 9, 12] . For the appropriateness of the usage of MHV antigen for detection of rat coronavirus antibodies, Smith [12] described that bivalent MHV-S/JHM antigen used in immunofluorescence test on infected rat sera for detecting SDAV antibody showed higher sensitivity than SDAV antigens used in complement fixation or neutralization test, and Iwai et al [6] showed correlation between incidence of CF antibodies to MHV and occurrence of SDA-like disease in rat colonies. As far as we know, there is no report concerning direct comparison of reactivity among SDAV, PCV, and MHV antigens with rat sera.
In the present study, we compared the reactivities of 4 murine coronavirus antigens including SDAV, PCV, and 2 strains of MHV with immunized and naturally infected rat sera by enzyme linked immunosorbent assay (ELISA).
Materials and Methods

Viruses
and preparation of antigens : SDAV strain TG and PCV strain 8190 were propagated in LBC cells [4, 5] . MHV strain S (MHV-S) and strain NuU (MHV-NuU) were provided by courtesy of Dr. Nakanaga, 
Results
Reactivities of four antigens, SDAV, PCV, MHV-S,and MHV-NuU with hyperimmunized antisera to SDAV, PCV, and MHV-S are shown in Table 1 . SDAV and PCV antigens reacted best with the homologous antisera, at the titers 1: 2560 and 1: 640, respectively. The MHV-S antigen reacted with homologous antiserum at 1 : 320 and with the other antisera at 1 : 640. MHV-NuU antigen reacted with anti-SDAV, anti-PCV, and anti-MHV-S at titers of 1: 320, 1: 640, and 1:160, respectively. Next, the reactivities of 4 coronaviral antigens with naturally occurring antibodies in rat sera were examined.
In the first survey, 206 rat sera obtained from university facilities were tested ( Table 2) . Although positivities differed among the sources, 124 (60%), 73 (35%), 116 (56%), and 90 (44%) sera in total showed positive reaction with SDAV, PCV, MHV-S, and MHV-NuU antigens, respectively.
Posi- tivity between SDAV and MHV-S antigen was not significantly different (p>0.05), but the differences between SDAV and PCV or MHV-NuU were significant (p<0.001).
All the sera positive for PCV, MHV-S, or MHV-NuU antigens were also positive for SDAV antigen. Namely, none of the sera negative for SDAV antigen reacted positively to the other 3 antigens. Table 3 shows reactivities of SDAVpositive sera with the other 3 antigens.
Positivities for PCV, MHV-S, and MHV-NuU antigens were 59, 93, and 730, respectively. The difference of positivity was significantly lower in PCV and MHV-NuU antigens (p< 0.001), and in MHV-S antigen (p<0.05) than in SDAV. Among these SDAV-positive sera, the mean titer for MHV-S antigen (1: 49) was significantly lower than that for SDAV antigen (1 : 75; p<0.05), and the mean titer of sera for PCV antigen (1 : 20) was significantly lower than those for SDAV or for ( Tables 4, 5 ). The positivity was a little lower than the first survey, 82% for SDAV antigen, 61% for MHV-S antigen, and 39% for MHV-NuU antigen. There were the same tendencies as in the first survey-the difference in positivity between SDAV to MHV-S antigen was not significant (p<0.05), but SDAV to MHV-NuU was significant (p<0.01).
Similar to the first survey, none of sera negative for SDAV antigen reacted positively to the other 2 antigens, and 74 and 48% of SDAV-positive sera reacted with MHV-S and MHV-NuU, respectively.
The positivity was significantly lower in MHV-S antigen (p<0.05) and in MHV-NuU antigen (p<0.001) than in SDAV antigen. Mean antibody titer for MHV-S antigen (1: 37) was significantly lower (p<0.001) than that for SDAV antigen (1: 160).
Discussion
MHV is widely used for detection of antibodies to coronaviruses such as SDAV and PCV in rat sera because of its cross-reactive nature. The present data showed that MHV-S antigen reacted with immune rat sera against SDAV and PCV as well as with the homologous antiserum, in contrast to strain-specific reactivity of SDAV and PCV antigens, indicating a relatively high potency of MHV-S antigen to detect antibodies to coronaviruses of the rat (Table 1 ). In the survey of naturally occurring antibody, positivity with MHV-S was not significantly different from that with SDAV ; in contrast, with the other antigens, significantly lower positivity than with SDAV antigen was seen (Tables 2, 4 ). Nevertheless, positivity with MHV-S in the SDAV-positive sera was significantly lower than that with SDAV.
At the same time, antibody titers with MHV-S were lower than those with SDAV (Tables 3, 5 ). However, it seems that, in spite of the difference of antibody-detection rate between SDAV and MHV-S antigens, the potency of MHV-S antigen to detect up to 93% of SDAV-positive sera is sufficient for routine use in monitoring SDAV infections in rat colonies.
The results from the present survey which showed that there was no PCV-positive sera in SDAV-negative sera and that higher reactivities of sera were seen to SDAV than to PCV (Tables 2, 3 ), indicate that the coronavirus infections in rats are mainly caused by SDAV and that PCV infection may be rare among rat colonies.
In conclusion, to detect serum antibodies to SDAV or PCV, the use of SDAV and PCV antigens is recommended, but if the strain is carefully selected, MHV may be sufficient for use in seromonitoring.
